It is well recognized that both the adrenal cortical and posterior pituitary hormones play an important part in the regulation of salt and water metabolism (1) . Antagonistic relations between these two hormones have been postulated (2) . It has also been shown that in the human a reciprocal relationship exists between the antidiuretic activity of serum and the corticosteroid of urine (3) . During diuresis, the antidiuretic activity in serum is low and the corticosteroid excretion in urine is high, whereas, during water retention, the converse situation is found.
Increased amounts of antidiuretic material were recovered from patients with active cirrhosis of the liver by Ralli, Robson, Clarke, and Hoagland (4) . In the experimental animal, the liver has been found to be the most effective site of inactivation of the posterior pituitary hormone (5, 6, 7) . It was decided, therefore, to study the effects in patients with liver disease of artificially elevating the levels of circulating antidiuretic material by the administration of posterior pituitary extract.
This report is concerned with: a) the changes in metabolism of water and sodium resulting from repeated administration of pitressin tannate in oil, and b) the relationship between plasma sodium and urinary excretion of corticosteroid. The response to exogenous adrenal cortical steroids given concomitantly with posterior pituitary extract was also studied.
METHODS
The studies of the response to pitressin tannate injected daily have been carried out on five patients with Laennec's cirrhosis and on five "control" patients recovering from iThis paper was read in part before the American Society for Clinical Investigation in May, 1951 . 2 This work was in part supported by grants from the Ciba Company and the Upjohn Company. The pitressin tannate used was supplied through the courtesy of Dr. D.
various diseases, but without evidence of Laennec's cirrhosis. In addition, one patient (Case 11), a confirmed alcoholic with history of phosphorus poisoning as a child, but with no laboratory evidence of cirrhosis, was studied. He was under treatment for erythromelalgia following frost-bite. Further study, reported under Case 11 in the Appendix, provided evidence of some degree of adrenal insufficiency. For these reasons the patient could be considered neither as a control patient nor a patient with liver disease.
All of the cirrhotics had had ascites, but at the time of the studies only one patient was in positive water balance. The subjects were maintained on a controlled diet of known sodium content and five Gm. of salt in solution was given in addition each day. Fluid intake was maintained at a constant level for each patient, usually 2,500 cc. each day. Measurements of weight, urine volume, and urine sodium and potassium were made daily. Frequent determinations of plasma sodium and potassium were obtained by means of the flame photometer. Urinary corticosteroid was measured by a method which has been previously described (8) . The For the purpose of conparison, Cases 1-5 (see Appendix) are reported together as control patients and Cases 6-10 are reported as cirrhotic patients. Case 11 is reported separately. Figure 1 records the weight changes of the cirrhotic and control patients up through the seventh day of the study (fourth day of pitressin administration). Both groups received 5 units of pitression-tannate in oil intramuscularly daily. After the seventh day of the study, the sensitivity responses were not entirely comparable since pitressin dosage was increased in several cases. Some subjects were given adrenal cortical hormone after this date and were, therefore, not inchuded in the graph after such administration.
By the fourth day of the administration of five units of pitressin tannate daily intramuscularly, the cirrhotic group had an average weight gain of 6.4 lbs., a maximum of 13 lbs. Control subjects gained an average of 2.9 lbs. The maximum was 7 lbs. of fluid retained. There During the time that the plasma sodium was maintained at a low level with the continued administration of pitressin tannate, the urinary corticosteroid usually remained above the control levels. Figure 5 illustrates that during the continued administration of pitressin tannate to a normal subject who had little change in plasma sodium, there was no increase in urinary corticosteroids. Figure 6 illustrates that when pitressin tannate produced a striling depression of serum sodium in the cirrhotic, there was a concomitant increase in corticosteroid.
Chromatographic fractionation of corticosteroids excreted by one of these patients, Case The data of these experiments suggest that by taking advantage of a possible accumulative effect, differences in rate of inactivation of pitressin by patients with and without liver disease can be shown. Although the liver is the most active single tissue in pitressin inactivation, it is only one of many mechanisms which remove antidiuretic activity from blood. Therefore, even if the hepatic inactivating mechanisms are strikingly less efficient than normal, the total overall ability of the body to inactivate pitressin may not be very greatly decreased and the defect is made apparent only when large amounts of pitressin are administered over a period of several days.
Animal experiments by Loewy and Lloyd (13) have compared the effectiveness of pitressin tannate given to normal rats and to rats with fatty livers produced by diet low in protein and high in fat. The fatty livers were capable of inactivating in vitro only one-third of the antidiuretic activity of an amount of pitressin which normal liver could completely destroy. These findings agree with those of Birnie, Blackmore, and Heller (14) , who reported that a low protein diet greatly decreases the pitressin inactivating ability of the mouse liver in vitro.
The relatively minor differences in the response between the cirrhotic and the normal group in this study and the complete absence of differences between cirrhotics and normals when pitressin is given intravenously suggest that hepatic inactivation of posterior pituitary hormone probably plays relatively little part in removal of antidiuretic activity from blood under normal physiological conditions and that failure of this process may very well have only minor importance in the production of ascites.
Bartter (15) , in discussing an experiment carried out in collaboration with Leaf, has pointed out that the normal inividual may be quite senttive to pitressin tann,,e with rather strikint water retention. Our experiences are certainly in agreement. There is no question that certain normal subjects have considerable antidiuresis as a result of pitressin tannate administration, but the degree of antidiuresis is usually not as marked as in the cirrhotic and frequently, relatively little effect is apparent.
The natriuretic and antidiuretic effects-of exogenous pitressin could be minimized presumably by various hormonal and physiologic mechanismns within the body. If this were so, abrupt withdrawal of exogenous pitressin would be expected to lead to sudden and profound diuresis with rapid return of the plasma sodium level to initial levels. This occurred in eight of the ten patients followed. The effects of withdrawal of pitressin were far more obvious than the slow accumulative effects of pitressin administration. The pattern of changes resulting from pitressin administration suggested by these studies are supported, therefore, by the dramatic reversal of effects on discontinuing pitressin tannate.
The effect of prolonged administration of pitressin tannate on the plasma sodium could be mediated in three possible ways The suggestion that this may occur has also been madc by White, Rubin, and Leiter (9) . Pitressin causes a shift of sodium into tissue from plasma in guinea pigs (16) . Keutmann (17) has been able to demonstrate an increased intracellular sodium concentration in several patients with edema occurring as a result of heart failure. Whether such an intracellular shift of sodium in the series here presented might have occurred in response to pitressin administration, or whether it might have been mediated through an increased amount of circulating adrenal steroids containing three oxygens, is as yet undetermined. The latter possibility must be considered since suggestive evidence has been presented that an increased amount of a three oxygen containing steroid was present in the urine of one patient, and it has been shown that desoxycorticosterone is capable of causing a shift of extracellular sodium into the cell (18) . If the alpha-ketol demonstrated in the urine of one patient in this series had physiological activity similar to desoxycorticosterone, it might have been responsible for such a shift. However, the only time that the three oxygen containing steroid was found in these patients was when the plasma sodium level was already at a low level, so that it now seems more likely that the hyponatremia might very well be the stimulus which caused the appearance of the three oxygen containing steroids. A shift of sodium to the intracellular position would seem to be a direct pitressin action since this shift has been reported to occur (9) during the acute administration of small amounts of pitressin.
The lack of direct effect of pitressin tannate administration on adrenal cortical steroid excretion is apparent. Only when the plasma sodium is depressed to a level which is associated with signs of the low salt syndrome could an increased amount of steroid be discovered in the urine. The failure to find an increased amount of steroid does not mean, of course, that the gland itself is not producing more, since it is easily possible that the increased output of the gland might be balanced by increased utilization with the result that no additional hormone was available for wasting in the urine. However, the studies of Nagareda and Gaunt (19) have shown that pitressin in physiological amounts does not cause a change in adrenal ascorbic acid. Studies on the urinary corticosteroid and serum antidiuretic levels during water diuresis have shown that a reciprocity exists and that the antidiuretic activity decreases and the corticosteroid level increases during water diuresis. Since this reciprocity is not a direct one, the hypothesis has been made that a response to a common stimulus (hypotonicity) decreases secretion of posterior lobe hormone and increases secretion of adrenal cortical steroids.
The increased level of adrenal cortical steroids in diuresis, and the known opposing effects of adrenal steroids and pitressin, constituted the rationale for administration of adrenal cortical extract concomitantly with pitressin tannate. Only in Case 11 in whom there was some clinical evidence of adrenal insufficiency, did adrenal cortical extract produce an obvious diuresis with retention of sodium. In several of the remaining cases, an apparent retention of sodium occurred on some occasions, but without obvious diuresis. The failure to produce this effect more frequently may be the result of an inadequate dosage. No attempts to reproduce these experiments using cortisone or 17-hydroxycortisone have been made. SUMMARY 1. Pitressin tannate in oil was given by intramuscular injection daily to five patients with cirrhosis of the liver and to five "control" patients. One patient, a chronic alcoholic with evidence of poor adrenal function, was also studied.
2. Administration of pitressin tannate in oil can produce hyponatremia and antidiuresis in both the control and the cirrhotic patients. These effects are greater in the cirrhotic, and frequently lead to a stage of progressive hyponatremia and edema.
3. The opposite effect, profound diuresis and return of plasma sodium towards normal, occurs promptly when exogenous pitressin is withdrawn.
4. Pitressin administration lowers plasma sodium levels by at least two mechanisms: Antidiuresis with dilution of extracellular sodium by retained water; and a direct natriuresis. A third mechanism must be considered: A shift of sbdium from the extracellular to the intracellular space.
5. Urinary excretion of corticosteroid increases when plasma sodium concentration falls to low levels, but does not increase as a result of pitressin administration per se.
6. Adrenal cortical extract produced an obvious diuresis and retention of sodium in only one patient who had developed water retention and hyponatremia as a result of pitressin tannate administration. In several other patients an ap- 
